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1 . IN'I'KOUJCTION 

Aerodynamic  c h a r a c t e r i s t i c s  a t  h i g h  a n g i e  o f  a t t a c k  a re  

some o f  t h e  i m p o r t a n t  s a f e t y  r e l a t e d  s u b j e c t s  f o r  smal l  

b u s i n e s s  a i r p l a n e s  a s  w e l l .  I t  i s  v i t a l l y  i m p o r t a n t  f o r  t h e  

small b u s i n e s s  a i r p l a n e s  t o  be a b l e  t o  r e c o v e r  f r o m  a s t a l l  

w i t h o u t  g o i n g  i n  t o  a s p i n  o r  bad d i v e r g e n c e  movement.  

'The m a j c r i t y  o f  t h e  s m a l l  b u s i n e s s  a i r c r a f t  i s  p r o p e l l e r  

a i r c r a f t .  I n  t h e  case o f  p r o p e l l e r  a i r c r a f t ,  t i l e  f l o w  o f  a i r  

a r o u n d  t h e  a i r c r a f t  becomes  f a r  more  complex  d u r i n g  t n e  n i g h  

a n g l e  o f  a t t a c k  d u e  t o  t h e  i n f l u e n c e  o f  t h e  p r o p e l l e r  s l i p  

s t ream. In t h i s  e s s a y ,  a e r o d y n a m i c  cna rac t e r i s t i c s  o f  FA-300 

b u s i n e s s  a i r p l a n e s  a t  h i g h  a n g l e  o f  a t t ack  w i t h  t h e  p r o p e l l e r  

s l i p  stream a re  d i s c u s s e d  based on t h e  e x p e r i e n c e  g a i n e d  

t i i rougn t h e  d e v e l o p m e n t a i  p r o c e s s  o f  F A - 3 O O .  

FA-300, t w i n  P n g i n e  b u s i n e s s  a i r c r a f t  j o i n t l y  d e v e l o p e d  

L y  F u j i  t leavy I n a u s t r i e s  ana a US a i r c r a f t  m a n u f a c t u r e r  

through a n  i n t e r n a t i o n a l  j o i n t  d e v e l o p m e n t  a g r e e m e n t ,  has two 

m o d e l s .  They  a r e  F A - 3 U O - 1 0 0  (540 HP model ) a n d  Y A - 3 0 0 - 7 1 U  

(450 HP n i o d e l ) .  'The 710 model  w i t h  n i g h e r  e n g i n e  o u t p u t  h a s  a 

v a r i e t y  o f  c h a n g e s  made a s  shown i n  F i g .  1 compared  t o  t h e  700 

m o d e l .  T h e s e  c h a n g e s  were made n e c e s s a r y  p r i w a r i l y  d u e  t o  t h e  

i n c r e a s e d  i n f l u e n c e  o f  t h e  p r o p e l l e r  s l i p  stream a t  t h e  h i g h  

a n g l e  o f  a t  tack w i t h  some e x c e p t i o n .  



2 .  G E N E K A L  CHAKACTEKISTICS AND INFLUENCE OF’ PllOPELLER SLIP 

STdEAM 

P r o p e l l e r  s l i p  s t r e a n  which  i s  t h e  r e a r  f l o w  o f  t h e  

p r o p e l l e r  i s  h i g n  i n  f l o w  v e l o c i t y  compared  w i t h  t h e  f r e e  

f l o w .  A t  the same time, i t  ( p r o p e l l e r  s l i p  s t r e a m )  r o t a t e s  

t o w a r d  t h e  d i r e c t i o n  o f  t h e  p r o p e l l e r  r o t a t i o n .  I n  t n e  case 

o f  the  s i m p l e  s u b s t a n c e  o f  t n e  p r o p e l l e r ,  i n c r e a s e  i n  t h e  

d y n a m i c  pressureb$S,/% and  t h e  a v e r a g e  r o t a t i o n  a n g l e  0 t o w a r d  

t h e  f r e e  f l o w  i n  r e f e r e n c e  t o  t h e  t h r u s t  c o e f f i c i e n t  w n i c n  i s  

s h o w n  a s  
T T,=- 
qsD 

( T :  t t i r u s t  o f  tne  p r o p e l l e r ,  q:  d y n a m i c  p r e s s u r e  o f  t h e  f r e e  

f l o w ,  S O :  s q u a r e  measu remen t  o f  t h e  p r o p e l l e r  d i s c )  can be 

c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r n i u l a s :  

( v o :  v e l o c i t y  o f  f r e e  f l o w ,  n :  rp,rii o f  t h e  p r u p e l l e r ,  1): 

aiaineter o f  t h e  p r o p e l l e r )  

F o r  e x a m p l e ,  i f  l’e = 2 . 5 2 ,  vo/nL) = 0 . 3 3 ,  t h e n  t n e  d y n a m i c  

p r e s s u r e  w i l l  be e q u a l  t o  3 . 5  t i i i ies  t h e  f r e e  f l o w ,  ana t h e  

r o t a t i o n  a n g l e  w i i i  b e  a p p r o x i m a t e l y  i 0 d e g r e e s .  

I n  r e a l i t y ,  h o w e v e r ,  t h e  a b o v e  f i g u r e s  w i l l .  b e  c h a n g e d  a 



l i t t l e  d u e  t o  t h e  i n f l u e n c e  of t h e  n a c e l l e  o r  t h e  main w i n g s  

on tile s l i p  streairl. A s  f o r  an  e x a m p l e ,  a m e a s u r e d  f i g u r e  o f  a 

small  s i n g l e  e n g i n e  a i r c r a f t ,  l e  = 2 . 5 2 ,  v o / n u  = 0 . 3 3 ,  i s  

sncrwn. F i g .  2 shows t h e  c o m p a r i s o n  o f  t he  r e s u i t  o b t a i n e d  b y  

F i n k  e t  a l .  t h r o u g h  a wind  t u n n e l  t e s t  ( 4 )  of  a t e s t  a i r c r a f t .  

l'he same f i g u r e  shows t h e  f i g u r e  of re = 0 ( c o n d i t i o n  w i t h n u t  

p r o p e l l e r )  a n d  'l'e = 2 . 5 2  on t h e  d y n a m i c  r a t i o  i n  r e f e r e n c e  t o  

t h e  f r e e  f l o w  anci t h e  s i d e  d i r e c t i o n  d i s t r i b u t i o n  ( t h e  f i g u r e  

a t  CJ d e g r e e  a n a l e  o f  a t t a c k )  o f  t h e  blow down a n g l e  a t  t h e  

p o s i t i o n  o f  t h e  h o r i z o n t a l  t a i l s .  Coinpared w i t h  t h e  

c a l c u l a t i o n  f i g u r e  o f  t h e  s i n g l e  s u b s t a n c e  o f  t h e  p r o p e l l e r  

( d y n a m i c  p r e s s u r e  r a t i o ,  3 .5 ;  r o t a t i o n  a n g l e ,  10 d e g r e e s )  a s  

d e s c r i e d  e a r l i e r ,  t h e  peak f i g u r e  o f  t h e  d y n a m i c  p r e s s u r e  

r a t i n  snows a l m o s t  t n e  same l e v e l .  Yet ,  the  blow down a n g l e  

( j  n o t h e r  worcis, t h e  v e r t i c a l  d i r e c t i o n a l  eierrrent CJf t h e  

r o t a t i o r ,  a n g l e )  s tiows a p p r o x i m a t e l y  o n e  i i a l f  ( o f  t h e  f i g u r e )  

a t  t h e  s t a r b o a r d  s i d e .  I n f l u e r l c e  o t  t n e  s l i p  stream o n  t h e  

a e r o n a u t i c a l  c h a r a c t e r i s t i c s  o f  s;na11 a i r p l a n e s  a t  t h e  tirde o f  

l o w  a n g l e  o f  a t t a c k  i n c l u d e s  t h e  f o l l o w i n g :  (1) l n c r e a s e  i n  

clynai l i ic  l i f t  t n r o u g n  i nc reasec i  cdyriarlij i: p e s s u r e  o f  r_he ma in  

w i n g s ,  (2) c h a n g e s  i n  l e n g t h w i s e  r o c k i n g  rrroinent anci l e n g t h w i s e  

s t a b i l i t y  by t h e  c h a n g e s  i n  dyriaiiiic p r e s s u r e  ana b low down 

t o w a r d  t h e  h o c i z c n t a l  t a i l s ,  and ( 3 )  g e n e r a t i o n  o f  s w a y  moment 

t t i rougn g e n e r a t i o n  o f  s i d e - f  l o w  towara t h e  v e r t i c a l  t a i l .  

Among t h e  a b o v e  l i s t e c :  i t e m s ,  g e n e r a t i o n  o f  t h e  s w a y  moment i n  

4 



p a r t i c u l a r  i s  a s s o c i a t e d  w i t h  t h e  t a k e - u f f  d i f f i c u i  t y  

e x p e r i e n c e d  by s i r i g l e  eng ine  a i r c r a f t .  In a d d i t i o n  t o  t n a t ,  

r e d u c t i o n  i n  the u p p e r  a n g l e  of  t h e  w i n g s  a t  t h e  tiirie c ? f  

s l i d i n g  a s  w e l l  a s  g e n e r a t i o n  u f  s i d e  f o r c e  a r e  a l s o  wel l  

known. 

l n f l u e t i c e  of  t h e  s l i p  s t r e a m  upon t h e  h i g h  a n g l e  o f  

a t t a c k  i s  examined  n e x t .  

3 .1  \ding d r o p  

Wing d r o p  i s  t h e  pheriometion w n e r e  t n e  a i r c r a f t  

becomes  t i l t e d  e i t h e r  t o  t h e  r i g h t  o r  t o  t h e  l e f t  t h r o u g n  t h e  

e x f o j i a t i o n  o f  t h e  a i r  f l o w  a t  t h e  u p p e r  s u r f a c e  ~ , f  t h e  main 

w i n g s .  I n  t h e  case o f  p r o p e l l e r  a i r p l a n e s ,  t h e  p n e n m e n o n  (,f 

w ing  diop d o e s  n o t  d e v e l o p  a t  t n e  time o f  s t a k i  Wheii t n e  

c:utput o f  t h e  e n g i n e  i s  reciucect. I L  somet in i e s  d e v e l u p s  a t  t n e  

time o f  s t a l l  when t h e  e n g i n e  o u t p u t  i s  i n c r e a s e d .  I'ne s l i p  

s t reain w i l l  r o t a t e  t o w a r d  t h e  r i g h t  i f  trie propelJer r o t a t i o n  

i s  toward  t h e  r i g n t .  A c c o r d i n g l y ,  t n e  l o c a l  a n g l e  c;f a t t a c k  

of  t h e  i e f  t irrai n w ing  w i t h i n  the s l i p  sLreaiii w i l  1 be 

i n c r e a s e d ,  w h i l e  t n e  same o n  t h e  r i g h t  nisin w i n g  w i l l  be 

d e c r e a s e d .  A c c o r d j n g l y ,  e x f o l i a t i o n  c,f t h e  a i r  f l o w  a t  c h e  

l e f t  inair) wing  w i l l  t a k e  p l a c e  a s  t n e  r ,oncli t icin o f  s t a l i  
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becornes nearer  c a u s i n g  t h e  phenomenon o f  t h e  w i n g  o r o p  towarcl 

t h e  l e f t .  Snown i n  f i g .  3 a r e  a a t a  o b t a i n e d  by p ’ i i i k  e t  a l .  

Oui-ing a wind  t u n n e l  t e s t  ( 9 )  o f  a s m a l l  t e s t  m o a e l  a i r c r a f t .  

I t  snows t h e  i n f l u e n c e  o f  t h e  p r r j p e l l  e r  s l i p  s t rearn c o n c e r n i n g  

t h e  c h a n g e s  i n  s i d e - r o c k i n z  rnonent i n  r e f e r e r i c e  t o  t h e  a n g l e  

o f  a t t a c k .  I n  t h i s  e x a m p l e  a l s o ,  t h e  piienornerion o f  w i n g  d r ~ p  

i s  g e n e r a t e d  a t  t n e  t ime o f  a s t a l l  i n  case t h e  p r o p e i l e r  s l i p  

strear:i  i s  i n  e x i s t e n c e  t h r o u g h  t n e  pcwer -on  c o n d i t i o n .  l ’h  

a i r c r a f t  w i l l  s h a r p l y  t i l t  toward  l e f t  f rom the p o i n t  

i n d i c a t e d  by a w n i t e  a r r o w .  If t n e  a n g l e  o f  a t t a c k  i s  f u r t h e r  

i n c r e a s e d ,  t h e n  t n e  phenomenon o f  w i n g  d r o p  toward  t h e  r i g h t  

w i l l  b e  s e e n  (snown i n  a b lack  a r r o w ) .  ‘l’he r e a s o n  f o r  t h e  

t i l t  towarcl t h e  r i g h t  may be due t o  asyiumetry i n  t h e  

e x f o l i a t i o n  o f  t h e  main w i n g s  a t  t n e  p a r t  o t h e r  t h a n  t h e  s l i p  

s t ream.  E x f o l i a t i o n  i s  c o n s i d e r a b l y  d i f f i c u l t  a t  the r i g h t  

s i d e  w i n g  d u e  t o  t h e  p r a c t i c a l  r e d u c t i o n  i n  t n e  a t t a L k  a r i g l e  

d u e  t c ,  t he  s l i p  stream o f  t h e  base p a r t  o f  t h e  w i n g .  A 5  the  

a t t a c k  a n g l e  i s  i n c r e a s e d ,  e x f o l i a t i o n  i s  s p r e a d  t o w a r d  t n e  

d i r e c t i o n  o f  t h e  o u t e r  w i n g .  C o n s i d e r a t i o n  mus t  b e  g i v e n  not  

o n l y  t o  t h e  i n i t i a l  wing  d r o p  hu t  a l s o  t n e  sec()riclary w i n g  

d r o p .  I n c i d e n t a l l y ,  t h e  s t a l l  c h a r a c t e r i s t i c s  o b t a i r l e a  

t n r o u g h  t h e  a c t u a l  f L i g h t  t es t  a r e  n o t  c o n t r o l  lei, s i m p  i y  by 

t h e  c h a n g e s  i n  t h e  s i d e - r o c k i n g  moment.  I n s t e a d ,  t h e y  m u s t  be 

c o n s i d e r e d  a s  t n e  r e s u l t  o f  t he  coriibinea c h a n g e s  i n  b o t h  t n e  

s i d e - r o c k i n g  mumen t a n d  t h e  sway [nomen t .  

b 



I t y p i c a l  s t a l l  p a t t e r n  a t  t n e  t i n e  o f  power- ( in .  In t h i s  c a s e ,  

swing d r o p  t o w a r d  t h e  r i g h t  t a k e s  p l a c e  a u e  t o  tne e x f o l i a t i o n  

b e t w e e n  ttie r i s n t  n a c e l l e  and  t h e  f u s e l a g e  f o l l o w e d  by  a s n a r p  

t i l t  t o  t h e  l e f t  c a u s e d  by t n e  e x f o l i a t i o n  o f  t n e  o u t s i d e  o f  

t he  n a c e l l e  o f  t h e  i e f t  w ing  a s  t n e  a t t a c k  a n g l e  is i n c r e a s e d .  

I n  t h e  ca se  o f  PA-3UO, a t t e n t i o n  h a s  beeii paicl  to  

t h e  a b o k e  p o i n t s .  I n  a s p e c i a l  case I n  w h i c h  ari i n t e n t i o n a l  

p i l u t  e r ro r  i s  e x p e r i m e n t e d  a t  t he  puwer-on  s t a l l i n g  d u r i n g  

t h e  i a r iu i r ig  p h a s e ,  t h e  p r o b l e m  o f  t h e  wing  d m p  has  b e e n  

e x p e r  i enced . 
C h a r a c t e r i s t i c s  o f  tne i n i t i a l  s t a l l  i n  t n e  case o f  

FA-sOC) a r e  q u i t e  f i n e .  T n a t  i s  t o  say  t h a t  at1 i d e a l  s t a i l  

p a t t e r n  i n  w h i c h  e x f o l i a t i o n  i s  g r a d u a l  l y  p r o g r e s s e d  f rom t n e  

base u f  t h e  wings nas b e e n  de iL ions t r a t ea .  At t h e  time o f  t h e  



k ’AA r e q u e s t e d  t h a t  t h e  e i e v a t o r  shouic i  b e  p u l l e d  u p  t o  t n e  

s c u p p e r  and  t h a t  t n e  i:iethm ~f t h e  p u l l i n g  o f  t h e  e i e v a t c i r  nad 

t o  b e  a t  t h e  s p e e d  r e d u c t i o n  r a t i o  o f  3 - S k t / s e c  (kriown a s  

t h e  a g g r a v a t e d  c o n t r o l )  i n s t e a d  o f  r e c o v e r i n g  f c L m  a s t a l l  

c o n d i t i o n .  T h e r e f o r e ,  t h e  a t  t a c k  a n g l e  r e a c h e d  a c o n s i d e r a b l e  

f i g u r e  i n  r e f e r e n c e  t o  t h e  i n i t i a l  s t a l l ,  and  t h e  p r o b l e m  i n  

w h i c h  i t  d o e s  n o t  a p p e a r  a u r i n g  t h e  i n i t i a l  s t a l l  h a s  

d e v e i o p e d .  N e v e r t h e l e s s ,  t h e  d e g r e e  o f  t n e  w i n g  d r o p  was 

fuui id  t o  be r a t h e r  srnalJ i n  t h e  i o u  rnc.del w i t n  i40 lip e n g i n e .  

‘ r h u s ,  t i l t  c o n t r o l  o f  t h e  a i r c r a f t  was p o s s i b l e .  i l owever ,  i n  

7 l U  mode1 whose e n g i n e  o u t p u t  i s  r a i sea  t o  450 HP and tile 

p r o p e i i e r  d i a m e t e r  i s  i n c r e a s e a  fror!r b i  i n c h e s  t o  9; 1 n c n e s ,  

tne w i n g  d r o p  becarne u n c o n t r o l l a b l  y h i g h  a t  ttie s t a l  i d u r i n g  

t h e  l a n d i n g  p h a s e  when t n e  a i r  s p e e d  was l o w  ( t h e  power  e f f e c t  

beccinies h i g n ) .  The e n g i n e  o f  t h e  710 riicbciel t u r n s  toward  t h e  

l e f t . ,  anci a s t r o n g  wing  di-op toward  t h e  r i g h t  was g e n e r a t e d .  

I n  o t h e r  w o r d s ,  t h e  r i g n t  n a c e J J e  o u t e r  w i n g  was e x f o l i a t e d  by 

t n e  s t r o n g  b low-up o f  the p r n p e l l e r  s l i p  stream g e n e r a t i n g  t ne  

r i g h t w a r d  t i l t .  Power-on wind t u n n e l  t e s t s  a s  w e l l  a s  f l i g n t  

t e s t s  were c o n d u c t e d  i n  o r d e r  t o  f i r l d  c o u n t e r  m e a s u r e s  o f  the  

wing  d r o p .  ‘l’he f o l l o w i n g  measures h a v e  been d i s c u s s e d  a s  t n e  

pussi b l e  s o l u t i  on t o  t h e  prc,biein: 

A s t a l l  s t r i p  was i n s t a l l e d  t c  t n e  f r o n t  e a g e  

o f  the l e f t  s i d e  c u t e r  w i n g  i n  order t o  r e l a t i v e l y  weaken t h e  

l e f t  w i n g .  
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,4 t e n z e  was i n s t a l i e a  a t  tile o u t e r  wing  in 

c r d e r  t o  niake t n e  o u t s i d e  a r e a  o t  t h e  o u t e r  w i n g  d i f f i c u l t  t o  

e x f o l i a t e  W h i l e  a i m i n g  t o  s e c u r e  t h e  func t i r :n  o f  e i u r o n  --:. 
( F i g .  5 )  

A s  t n e  r e s u l t  o f  t h e  a b o b e  measures, tile probiern  o f  

w ing  d r o p  wa5 e a s e d  c o n s i d e r a b l y  making  i t  p o s s i b l e  tc, k e e p  

t n e  L i l t  w i t h i n  t e n  d e g r e e s  even  a u r i r i g  t h e  aggi-avateu 

coil  t ro l .  

I n  recent  years ,  rnvre and Idore b u s i n e s s  a i r p l a r i e s  

a r e  a d o p t i n g  t h e  system c a l l e d  c o u n t e r  r o t a t i o r i  i n  w t i i c h  tile 

r i g h t  and  tne  l e f t  p r o p e l l e r s  a r e  r o t a t e a  t o w a r d  t h e  c ~ p p o s j t e  

direction. 

5 . 2  C h a n g e s  i n  a i r  f l o w  arcunci t h e  t a i l s  by t n e  

p r G p e l l e r  s l i p  stream a t  h i g h  a t i s l e  o f  a t t a c k  

F i g .  6 snCiws t h e  dynarii] c p r e s s u r e  a i s t i i b u c i o n  o f  

a i r  f l ~ w  i n  t h e  v i c i n i t y  o f  t h e  t a i i s  a t  t h e  p r e s e n c e  u f  t h e  

s l i p  s t ream. L'ne i n f o r m a t i o n  was o b t a i n e d  by a power-on w i n d  

t u n n e l  t e s t  o f  a 1 3  7o t e s t  model o f  t h e  FA-LOL) m o d e l .  A t  the  

Low a n g l e  G L  a t t a c k  ( a l p h a  = 5 d e g r e e s ) ,  t n e  p r l - t p c i l e r  s l i p  

stream a s  a who le  i s  s n i f t e d  toward  t h e  r i g n t  a l t h o u g h  i t  i s  

a l i n o s t  syiririietric. A t  t h e  h l g n  a n g l e  of a t t a c k  ( a i p n a  = 2 0  

d e g r e e s :  t h e  e n t i r e  ma in  w i n g s  n e a r l y  t v t a l l y  e x f o l i a t e d ) ,  on 

t h e  c c i n t r a r y ,  a n  e x t r e m e l y  c u r n p i i c a t e d  a i r  f l o w  i s  frjri:led. 

The p ~ i n t  t o  b e  n o t i c e d  i s  t h e  p o s i t i o n a l  r e l a t i o n s h i p  b e t w e e n  

t h e  s l i p  stream and  the w a k e  *':. I n  b o t h  t h e  p o r t  a n d  t h e  
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s t a rbna rd  s i d e s ,  the s l i p  s t r e a m  i s  w i n d i n g  u p  t h e  e x f o l i a t i o n  

w a k e  o f  t h e  ma in  wirrgs t o  ttie l e f t .  A c w r d i n g l y ,  tne  p o r t  

s i d e  o f  tile n o r i z o n t a l  t a i l s  en te rs  t h e  s l i p  stream, anc t h e  

s t a r b o a r c i  s i d e  en te rs  t n e  w a k e .  ‘rile a i r  flclw t t7e re fo i - e  i s  

asymmetric. I n c i d e n t a l l y ,  t h e  s l i p  strearit a s  a wiioie  i s  

weakened  i n f l u e n c e d  by t h e  e x f o l i a t i o n  f l o w .  

F ig .  i shows t n e  d a t a  o b t a i r i e a  by t h e  w i n a  t u i i n e l  

t e s t  (11) o f  a srnalJ t w i n  eng i i i e  1110del (mock u p )  conc tuc ted  by 

r i n k  and Freeman .  Fig. 7 shows the d i s t r i b u t i o n  o f  t h e  

a y n a m i c  p r e s s u r e  r a t i o  and t h e  b low down a n g l e  of t h e  a i r  t i o w  

a t  the p o s i t i o n  ~t the  h o r i z o n t a l  t a i l s .  ‘The f i g u r e  a l s o  

snuws the c h a n g e s  made a u r i n g  the pcwer -on  p e r i n c i  a s  w e l l  a s  

t n e  Lo: i rpar ison w i t n  t h e  f i g u r e  ul-  t ne  power-of  f pe l - ioa  . 
A t  t h e  t ime o f  f l a p - u p  c v n d i t i o n  ( r ’ i g .  l a ) ,  

r i g h t - l e f t  s y m e t r y  is obseii ,eci  iit ;he L u w  a n g i e  ai- a t t a c k  

( a l p h a  = u d e g r e e ) .  ( S l i p  stream i s  s l i g h t l y  s n i f t - e c i  toward 

t h e  r i g h t  . )  Not  much cha i tges  a r e  o b s e r v e d  i n  the  blow-ckown 

a n g l e  a s  w e l l .  i\t t h e  3 j g h  a n g l e  o f  a t t a c k  ( a ~ p n a  - i o  

d e g r e e s ) ,  r i g h t  a n a  l e f t  become a s y i l i m e t r i c .  Aboke aJ I ,  t h e  

biow-(iown a n g l e  o f  t i l e  pels t s i d e  shows  t h e  i n c r e a s e  o f  teii 

a e g r e e s  compared  t o  tile power -o f f  c o n d j  t i u t i .  r h i s  i s  d u e  t o  

tne a s y m m e t r i c  e x f o l i a t i c , n  c a u s e d  by tne s l i p  stream. A t  t h i s  

t ime,  e x f p l i a t i o n  be tween  the f u s e l a g e  and  r ? a c e l l e  tias i ro t  

t a k e n  p l a c e  y e t ,  a n d  t h e  dynani ic  I i f t  is c o n s i d e r e d  s t i l  i 

h i g h .  



A t  t n e  t irrie o f  f lap-down c o n c i j  t i  c n  ( i : ig .  7 u ) ,  

r i g h t - l e f t  asyr!irr:etry a t  tile high.  a n g l e  ~ i -  a t t a c k  i s  

p a r t i c u l a r l y  s i g n i f i c a n t .  I n  t h e  case o f  t h e  f l a p - d o w n ,  r i g n t  

allcl l e f t  a r e  a s y n m e t r i c  e v e n  a t  t h e  t o w  a n g l e  of a t t ac t< .  

( T h i s  i s  d u e  t o  t h e  s t r o n g  i n t e r f e r e n c e  e f f e c t  o f  the f l a p s  

t o w a r d  t h e  s l i p  s t r e a i n . )  A t  the h i g n  a n g l e  o f  a t t a c k ,  t h e  

p o r t  sicie shows t h e  blow-down c o n a i  t i  o r 1  w i t n  h i g h  d y n a m i c  

p r e s s u r e ,  w h i l e  the s t a i b o a r c ,  s i d e  snows t h e  b low-up  c o n d j  t i o n  

w i t h  J C ~ W  d y n a m i c  p r e s s u r e .  Loca l  a n g l e  o r  a t t a c k  a t  a p a r t  o f  

t h e  p o r t  s ide i n  p a r t i c u l a r  i s  a s  n i g h  a s  2 0  aegrees .  If t h e  

l ( ? c a l  a n g l e  c ~ f  a t t a c k  i s  h i g n ,  t h e n  l o c a l  e x f o l l a t i o n  w i l l  be 

c i e v e i o p e u  a t  t h e  u p p e r  s u r f a c e  o f  t h e  h o r i z o n t a l  t a i l s .  

As d e s c r i b e d  a b o v e ,  a i r  f l<JW i n  t n e  v i c i n i t y  of  the 

t a i l s  shows grea t  c h a n g e s  a t  t h e  time o f  t h e  h i g h  a n g i e  o f  

a t t a L k  d u e  t u  tine p r e s e n c e  o f  t n e  pitapelieL- s l i p  sticaihi. The 

c h a n g e s  i n  a i r  f i v w  b r i n g  a b o u t  a d a i t i o n a l  p r o b l e m  i n  t h e  

c h a r a c t e r i s t i c s  a t  t h e  time o f  t h e  power-on  t i ign a n g l e  o r  

a t t a c k  t h a t  was n o t  p r e s e n t  a t  t n e  time o f  p o w e r - o f f .  

5.3 P i t c h - u p  

Tne term p j t c h * u p  iqeans t h e  l i f t :  ng o f  t h e  iiose. I f  

t h e  c c l n d i t i o n  o f  p i t c h - u p  i s  d e b e l o p e d  a t  t n e  h i g n  a n g i e  c;f 

a t t a c k  i n  p a r t i c u l a r ,  t n e  a t t a c k  a n g l e  i s  f u r t h e r  e sca l a t ed  

b r i r , g i n g  a b o u t  a d a n g e r u u s  s i t u a t i o n .  l h e r e f o r e ,  t h i s  i s  One 

u f  t n e  c h a r a c t e r i s t i c s  t h a t  I’ iust  b e  avc i ided  b y  a l l  means.  l n e  

c a u s e  o f  t h e  p i t c h - u p  i s  e i t h e r  t n e  d e v e l o p r i ~ e n t  u f  t n e  



p i t c h - u p  rriuiient o f  t h e  maiti w ings  t a e m s e l ~ e s  a s  s e e n  i i r  t h e  

case c?f t h e  r e c e d e d  w i n g s  c r  tne d e v e l o p m e n t  o f  t h e  p i t c n - u p  

moment b v  t h e  char ;ges  made t o  t h e  a i r  f J u w  t o w a r d  t h e  

h o r i z o n t a l  t a i l s .  A s  descr 

f l o w  i n  t h e  v i c i n i t y  o f  t h e  

p r o p e l l e r  a i r p l a n e s  char,ges 

p r e s e n c e  of  t n e  p r Q p e l l e r  s 

bed i n  t h e  p r e v i o u s  p a r a g r a p n ,  a i r  

hor i  z o n t a i  t a i l  s o f  srnal I 

s i g r i i f i i c a n t l y  b e c a u s e  a f  t h e  

i p  streaiii. Sonie t in ies ,  t h i s  c o u l d  

become t h e  c a u s e  o f  t h e  p i t c n o u p .  

l'he e x a m p l e  u f  t h e  p r e v i o u s  p a r a g r a p h  as seen i n  t n e  

t w i n  e n g i n e  p r o p e l l e r  a i r p l a n e s  i n d i c a t e s  the g e n e r a t i o n  ok 

t n e  p i t c n - u p  oorrient a t  t h e  po1-r: s i d e  by  t n e  h i g h  l e v e l  o f  

blow-down w i t n  h i g h  d y n a m i c  p r e s s u r e  a t  t h e  time o f  power-on 

h i g h  a n g l e  of a t t a c k ,  w h i l e  t n e  s t a r b o a r d  s i d e  g e n e r a t e s  t h e  

p i t c h - d o w n  rnonent c a u s e d  b y  b low-up .  Needless t u  s a y ,  t n e  

b o t n  s i a e s  c a n c e l  e a c h  o t h e r .  i i b w e v e r ,  i n  case t n e  u e g r e e  o f  

r i g n t - l e f  t asyrnrnetry becomes more i n t e n s e  r e s u l t i n g  i n  

s t i -cnqer  b low-up a t  t h e  s t a r b o a r c i  s i d e ,  t n e  u p p e r  s u r f a c e  o f  

t h e  n o r i  z o n  t a l  t a i l s  becomes e x f c l i a  t e d .  'Tiius,  increase i r i  

p i t c n - d o w n  moinent can r io t  b e  e x p e c t e d .  ~ + ' u r t t i e r i n o r e ,  Lower ing  

o f  tile aynarn ic  p r e s s u r e  i s  a i s c  a d d e d .  'liie f i n a l  outzonre 1 s  

t h e  g e n e r a t i o n  o f  t h e  p i t c n * u p .  

The  n o r i z o n t a l  ta l  Is ulr FA-3UO a r e  pos i t . i{ ,ned  a t  t h e  

r . ; i du le  p a r t  o f  t h e  v e r t i c a l  t a j i .  (It.  is c a l l e a  t n e  

i n i a - t a i l ) .  I n  t h e  case o f  t h e  l - t a i l  i l l  w n i c h  t h e  h u r i z ( : n t a L  

t a i l s  a r e  f i x e d  t o  t h e  u p p e r  p a r t  of  t h e  v e r t i c a i  t a i l ,  
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p i  t c t i - u p  c o u l d  b e  d e v e l o p e d  t h r o u g n  t h e  e n t r a n c e  o f  t h e  main 

w i n g s  i n t o  t n e  w a k e  t h a t  i s  c o m p l e t e l y  e x f o l i a t e d .  Y e t ,  i n  

the  case  of the n o r m a l  rn i t - ta i l ,  tiie a b o v e  d e s c r i b e d  s i t u a t i o n  

dcjes n o t  d e v e i o p  u n d e r  normal z i rcu ins  tances b e c a u s e  t h e  w a k e  

i s  n o t  i a r g e  eriougn a s  t h e  waKe o f  t n e  main w i n g s  p a s s e s  

t h r o u g h  t n e  h o r i z o n t a l  t a i l s .  In  f a c t ,  n o  p i t c h m u p  was 

e x p e r i e n c e d  e v e n  a t  t h e  t ime o f  a g g r a v a t e d  c o n t r u l .  

l i c w e v e r ,  t h e  condir;iciri o f  t h e  p i t c h - u p  d e v e l o p e d  a t  

t h e  time of  l a n d i n g  when t h e  power e f f e c t  was t h e  n i g h e s t  1 1 1  

t h e  case o f  the power-Gn s t a l l i n g  t e s t  a s  t h e  a g g r a v a t e d  

c c m t r o l  was p r a c t i c e d .  Tne a t t i t u d e  o f  t h e  a i r p l a n e  e i t h e r  

r e m a i n e d  t h e  same o r  s tayed  a t  a s i l e n t  n o s e  u p  c n i l c l i t i b n  eve11 

a f t e r  p u i l i n g  t h e  e l e v a t o r  a l l  the w a y  t u  t n e  s t ( , p p e r .  

S u c c e s s f u l  r e c o v e r y  from t h e  s t a i i e d  c o n d i t i o n  cou  Id no t  be  

made u n l e s s  t h e  c o n t r o l  s t i c k  was p u s h e a  f o r w a r d .  

T n e  d e g r e e  o f  t h e  above  problern was n o t  ~ ~ J C I  s e v e r e  

i n  t h e  case  o f  t h e  700 model  which has  less t ip.  l ' h e r e f u r e ,  

tiie a b o v e  d e s c r i b e d  problerii  was c o r r e c t l y  re inedied  t n r o u g h  t h e  

e s t a b l j  shrcent  o f  t h e  p r o p e r  l i r , i j  t o f  t n e  rear  cen te r  o f  

L g r a v i t y  a s  well  a s  t h e  maxi:wrn e l e v a t i o n  a n g l e  (,f the 

e i e v a c o r .  L n  t h e  case o f  t h e  730 rncyael w i t h  inuch g r e a t e r  l i p ,  

nuwebel- ,  i t  was n e c e s s a r y  t o  renrodei  t n e  n v i i z o n t a l  t a l  1s ana 

tiie e l  cka t o r .  

S a i d  p i t c h - u p  i s  c a u s e u  by t h e  c h a n g e s  it? t h e  a i r  

f l c e w  i n  t h e  v i c i n i t y  o f  t n e  n o i i z o n t a l  t a i l s  b y  the p r u p e l l e r  



s l i p  s t r ea i i i .  h e  t o  t h e  blclw-up by t h e  s l i p  stream, a p a r t  

o f  the u p p e r  s u r f a c e  o f  t n e  n o r i z o i i t a l  t a i l s  becoines 

e x f o l i a r ; e d  i n  the  c o n d i t i o n  o f  n igh  a n g l e  o f  a t t a c k  w i t h  t h e  

e l e k a t o r  r a i s e d  t o  t h e  riiaximum. C o n s e q u e n t l y ,  t n e  c o i l d i t i o i i  

o f  t n e  e l e v a t o r - l o c k  was a l s o  a e v e i u p e d .  

I n  o r d e r  t o  c o u n t e r  t h e  a b u v e  p r o b l e m ,  w i n g  s p a n  o f  

the n ~ r i z o n t a l  t a i l s  was e x t e n d e d  s o  t h a t  the  s l i p  streaiii w i t n  

h i g n  uynamic  p r e s s u r e  t h a t  i s  i x a t e c  a t  t h e  o u t s i d c  o f  the 

wake o n  t n e  p o r t  s i d e  may b e  c a u g h t .  k ’ u r t h e r i n o r e ,  t h e  spa11 oi- 

the e i e v a t o r  was shortened so a s  t o  l c w e r  t h e  e f f e c t  o f  t n e  

e l e v a t o r  a t  t h e  h i g h  a n g l e  o f  a t t a c k .  It was tforie s o  j n  oruer 

t o  p r e v e n t  t h e  e x c e s s i v e  a t t a c k  a n g l e  b y  ei-rorleoirs o p e r a t i o n  

o f  the p i l v t .  ( k ’ i g .  8 )  A c c o r o i n g l y ,  t h e  p rc~b le r !~  cjf t n e  

p i t c n * u p  was c o m p l e t e l y  s o J \ , e d .  

k’ig. 9 si- i f iws t h e  t i m e  i i is toi  y uaLa t , b t a i i i e c ~  a s  iiie 

I -esu i  t o f  t h e  s t a l l  c h a r a c t e c i s t i c s  t e s t  o f  tile / l W  n i o d e l  

a f t e r  t n e  a h v e  ~ i e a s u r e s  n a v e  been a p p l i e d .  i t  s h o w s  n o  

p i t c h - u p  i n  s p i t e  oL the exercise  o f  t n e  a g g r a v a t e d  c o n t r o l  

e v e n  a t  the mos t  s e v e r e  l a n d i r i g  c k , n o i L L i t n  o r  a t  t h e  tirne of 

t h e  power-oli  s t a l l j n g  a t  tt:e Ear er-icl o f  t n e  center  C J ~  tne  

L g r a v i t y .  F u r t h e r m o r e ,  t n e  a a t a  i n a i c a t e  t h a t  t h e  b a n k  a n g i e  

c a n  be c o n t r o l l e d  w i t h i n  ten d e g r e e s .  



L t  i s  b e l i e v e d  t h a t  t n e  r a t i o  o f  the  p r o p e i l e i  a i r p l a n e s  

i n c l u G i n g  small a i r p l a n e s  f o r  b u s i n e s s  u s e  as  w e l l  a s  ALP 

a i r c r a f t  w i l l  m a i n t a i n  t h e  i u r i e n t  l e v e l  i n  the  f u t u r e .  

I n f l u e n c e  o f  t n e  p r o p e i j e r  s l i p  s t r e a r i  has b e e n  t n e  t a rge t  o f  

t h e  research a c t i v i t i e s  s i n c e  t h e  go lden  era  o f  the  p r o p e l l e r  

a i r c r a f t .  T h e  r e s e a r c h  a c t i v i t i e s  o f  t h e  same s u b j e c t  h a s  

b e e n  c o n d u c t e d  a s  a p a r t  o f  t h e  V/SlOL research  a i s o .  ( 1 6 )  

Yet ,  f u r t n e r  r e s e a r c h  o f  t h e  s u b j e c t  mat te r  a t  t h e  time o f  t h e  

n i g h  a n g l e  o f  a t t a c k  i s  n e e d e d .  Novement anci i n f l u e n c e  u f  the  

p r u p e l l e r  s l i p  stream a r e  c i i f f i c u i t  L C I  e s t iwate .  S t u a y  (;f t n e  

s u b j e c t  matter t h r o u g h  t n e  c a l c u l a t i o n  o f  t h e  a e r o d y n a m i c s  may 

b e  e x p e c t e a  irk tile f u t u r e  ( 1 8 ) .  Yet,  i L  i s  n e c e s s a r y  t o  

c o n d u c t  t h e  wind  t u n n e i  t e s t s  u n d e r  t n e  power-on condition i n  

t h e  aes igr i  p r o c e s s  i n  o r d e r  t o  f u l l y  g i - a s p  t h e  c o n d i t i o n  alia 

c n a r a c t e r i s t i c s  of  t n e  a i r  f l o w .  

C o n t e n t  o f  t n e  ciata o n  r ’ A - i u O  was ccmlpiieci b y  t h e  a u t h o r s  

p a r t i a l l y  f r o m  t n e  w o r k s  c o n d u c t e u  by t h e  members c f  the  

b’A-3UU a e v e i o p m e n  t room. 

i i l  t3LLi,Gt(.4PtlY 

1) L o f t i n ,  L .  K . ,  J r .  a n d  N c k i n n e y ,  N . 0 .  , J r . :  NASA 

Aernciynamic K e s e a r c n  Appl i c a b l e  t o  B u s i n e s s  A i r c r a f t ,  SAL 

i t ~ i ‘ / t {  ( 1 9 7 1 ) .  

2 )  A k i  t o s n i  Nagao:  UeveJ oprnen t o f  FrI-3OC, a n d  its iiiarket , 
J a p a n  A e r o n a i i t i c a l  a n d  S p a c e  S c i e r i c e s  J o u r n a l ,  2 6  (i978), pp.  

i 5  



2 4 b  - 5b7 

3 )  S a b u r o  U g i n u :  F l i g h t  c n a r a z t e r i s t i c s  o f  b’A-300, Showa 51  

F l i g h t  Syriipc:siurn S p e e c h e s ,  197t,, pp.  5 b - 5 4  

4 )  Shogo H i r a n o  e t  aL.: S t a l l  c h a r a c t e r i s t i c s  cjf FA-SUU,  N O .  

1 7  iJirid T u n n e l  K e s e a r c h  CGi;imittee,  1 9 7 b  

5 )  K y u j i  M a t s u d a ,  Sltcjgo ilirano: U t i l i z a t i o n  o f  t h e  t u r b u l e n t  

f l v w  i n  Low s p e e d  wind tui i l ie l  t e s t s ,  No. 1 8  Wiricl r u n n e l  

Keseaicn Co~iirrr i t tee ,  1 9 1 7  

b )  Kibbner, 1i .S. :  N o t e s  on tile P r c p e l l e r  anti S l i p  stream i n  

I < e l a t i u n  L O  S t a b i i i t y ,  tlACA \dK L-25 ( 1 9 4 4 ) .  

7 )  K u h n ,  K . E .  a n d  l i r a p e r ,  J.lJ. : I n v e s t i g a t i o n  o f  t n e  

A e r o d y n a m i c  Cnaracterist ics o f  a blodei  \ J i n g - P r u p e l l e r  

C o m b i n a t i o n  and  of t h e  Wing a n d  P r o p e l l e r  S e p a r a t e l y  a t  Angles 

o f  A t t a c k  u p  t o  90  d e g r e e s ,  NACA R e p o r t  i 2 b 3  ( 1 4 5 b ) .  

8 )  F i n k ,  b1.P. a n d  F r e e m a n ,  U . C . ,  J r :  F u l l  S c a L e  d i n d - r u n n e l  

I n v e s t i g a t i o n  o f  S t a t i c  L o n g i t u d i n a l  a n d  La te ra i  

C n a r a c t e r i s t i c s  o f  a L i g h t  Twin-Eng ine  A i r p l a n e ,  N A S A  L h  

b - 4 9 8 3  ( 1 4 b Y ) .  

3 )  F i n k ,  N . P . ,  F reen ian ,  D.C., J r .  a n d  G r e e r ,  1- i .b . :  b ’ u l l  

S c a l e  Wind-Tunnei  i n v e s t i g a t i o n  c f  tile S t a t i c  L o n g i t u d i n a l  ana 

L a t e r a l  C h a r a c t e r i s t i c s  o f  a L i g h t  S i n g l e - E n g i n e  A i r p l a n e ,  

N A S A  ‘I” U-5100 (1970) .  

iI/) S h j v e r s ,  J . P . ,  F i n k ,  b1.P. a n d  \ :are,  G . M . :  F u l l  S c a l e  

\ J i i id -Tunnel  I n v e s t i g a t i o n  ~f t h e  S t a t i z  L o n g i t u a i n a l  a n d  

L a t e r a l  C n a r a c t e r i s  t i c s  o f  a L i g h t  S i n g l e - E n g i n e  L G w - d i n g  



A i r p l a n e ,  NASA TN U-5857 (1970) .  

11) f i n k ,  i.I.P., S h i v e r s ,  J . P .  a n d  S m i t h ,  C . C . ,  J r . :  A 

Wind-Tunnel  i n v e s t i g a t i u n  c f  S t a t i c  L o n z i t u d i n a i  arid L a c e r a i  

C h a r a c t e r i s t i c s  o f  a f u l l - S c a l e  blockup o f  a L i g n t  l w i n - L n g i n e  

i l i r p i a n e ,  L ~ A S A  'm b-G2;8 ( 1 y i 1 )  

1 2 )  Barber ,  H.d., J o n e s ,  C . K . ,  S i ~ k ,  'l'.g. a n d  l i a i s e ,  F.W.: 

A n  E v a i u a t i v n  o f  t he  i la i - id i ing  Q u a l i t i e s  o f  S e v e n  

G e i i e s a l - A v i a i i o r i  A i r c r a f t ,  NASA LL4 U - j / 2 G  ( 1 9 o b ) .  

13 )  i < y u j i  i l latsuo: l n f i u e i i c e  c l i  power e t f e c t  on  s p i n  

c n a L a c t e r i s t i c s  o f  s i r i g i e  e n g i n e  r e c i p r o .  a i r c r a f t ,  N o .  1 4  

Wins T u n n e i  i i e s e a r c n  Comrxi t tee ,  1975 

14) J i r o  r e r a o ,  E n i c h i  O k a ,  Y u s u k e  l ' e r u i ,  Yuk io  Kar:iata: S t a i l  

c h a r a c t e r i s t i c s  o f  Queen  Air, k c r o i : a u t i c s  all6 S p a c e  l 'echnolugy '  

dieseal-cn C e n t e r  r e s o u r c e s ,  TM-49  ( J  9b5 )  

1 5 )  d e n i c h i  H i r o s u e ,  K e n j  i Yazawa,  Y u k i c h i  l ' sukano ,  S e i i c h i  

T a n u r a ,  S h i r o  S a n o ,  Minoru  Nomura,  NobuhiL-(1 l reppu:  \ d i d  

~unt-te 1 t e s t  o f  t h e  Queen  Ai 1- , Aeronaut I C S  an t i  S p a c e  l'echrri, I ogy 

Research Center  r e s u u r c e s ,  l ' J I -bl  ( 1905)  

i b )  l ~ i u r n a r t i ,  N. , K i  t a r a ,  ti. , Kawanata, t i . , T a K a n a s h i ,  l i .  atla 

S u z u i i i ,  r .  : \iind T u n n e i  I r i v e s t i g a t i c i n s  o f  t n e  Sl'OL A i r p l a r l e ,  

w i t h  A t t e n t i o n  t o  t h e  i<e la t ions  b e t w e e n  t h e  Aerudynamic  

C n a r a c t e r i s t i c s  ana  t n e  \.Jake S t r u c t u r e ,  N A L - i ' K - 1 Y i l  ( 1 4 i U )  

17) Y u j i  l'ariaka: Clianges iri t h e  s i d e  cnarac te r i sLics  o f  STVL 

a i r c r a f t  by a i r  f l o w  aim groutid e f f e c t ,  i d ( ; .  11 d i r i d  iu i i r ie l  

d e s e a r c h  C o i m i t t e e ,  icJi5. 



1 8 )  S t r a s h ,  D . J . ,  Nathixan,  J.1<., Elaskew, i i .  and  D v o r a k ,  c’.  A :  

I’he A p p l i c a t  j o n  o f  a Low-orde r  P a n e  I ~,iethoci--pr(!grrarn L S A E d O - -  

t u  Power p i a n t  aiid A i r f r a m e  F l o w  S t u d i e s ,  A J h A - b 4 - 2 1 7 8  ( 1 4 8 4 ) .  
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